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Abstract 
The research results of the hydrodynamic situation, as well as the chemical and isotopic compositions of target 
aquifers in the vicinity of radioactive waste storage are considered. The surpassing of water quality standards for Ra-
226, α-activity, Si, Fe, F, and some heavy metals was detected in target Upper Carboniferous aquifers. It was 
ascertained that the main reason for these changes was disturbance of hydrodynamic conditions as a result of 
withdrawal enhancement. Intensification of water-rock interactions caused the values of Ra-226 and α-activity to 
increase in target aquifers, because the main natural sources of Ra-226 are water-bearing rocks containing flints with 
natural radioactivity and overlying Jurassic layers containing phosphorite. Descending or ascending groundwater 
leakage caused contaminant incursion from the adjacent aquifers. 
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1. Introduction 
One of the main directions of environmental geoscience research in Russia is radiation safety ensuring. 
The research results of hydrodynamic situation, chemical and isotopic composition of target aquifers in 
the vicinity of the Sergiev Posad radioactive waste disposal site (SWDS) are considered. The research 
was carried out jointly by Sergeev Institute of Environmental Geoscience (IEG RAS) and Radon Moscow 
Research and Production Association (SUE SIA "Radon") in 2007-2008.  
The main purpose of this study was to reveal the role of the natural and technogenic factors in 
groundwater composition and the possible impact of SWDS on target aquifers contamination. The major 
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objects of our study are target Gzhelian-Asselian aquifer and Kasimovsky aquifer in Upper Carboniferous 
rocks.  
2. Hydrodynamic situation of the study area 
The study area is located on the southern slope of the Moscow artesian basin. Regional target aquifers 
are Gzhelian-Asselian and Kasimovsky aquifers in the Upper Carboniferous limestones and Podolsky-
myachkovsky aquifer in the Middle Carboniferous limestones at the depth of 78 - 250 meters. 
Carboniferous aquifers are overlaid by aquitard composed by low permeable Jurassic clays. The aquitard 
thickness is 10 - 40 m and it spreads almost everywhere. The head gradient existing between the 
Quaternary-Cretaceous aquifer and the Carboniferous aquifers observed in the early 1970's before the 
intensive water withdrawal from Carboniferous aquifers indicated the ascending groundwater filtration 
from lower to overlying aquifers. However, at the end of 1970's under the influence of water withdrawal 
the absolute values of groundwater levels in the Upper Carboniferous aquifer decreased by 30-75 m in the 
major cities. Thus the prerequisites of downward groundwater filtration from the Quaternary - Cretaceous 
aquifer to the Upper Carboniferous aquifer and also the ascending leakage increase from the Middle 
Carboniferous aquifer to the Upper Carboniferous aquifer existed in the study area (Figure 1a). 
3. Materials and methods  
Hydrogeochemical and radiation measurements were carried out in 2007 - 2008 in the wells located in 
the territory of the Sergiev Posad radioactive waste disposal site (SWDS), in the zone of SWDS influence 
(in the territory of the SWDS and in settlement Remmash) and outside the zone of influence. In addition 
data of water intakes in towns of Sergiev Posad, Dmitrov, and Krasnozavodsk gathered by different 
organizations during thirty years (1977-2006) were used.  
The list of recommended groundwater chemical constituents included major parameters, as well as 
constituents that can could enter to the groundwater as the result of water-rock interactions and from the 
industrial sources: bicarbonate, carbonate, chloride, sulfate, calcium, magnesium, sodium, potassium, 
fluorine, barium, strontium, iron, manganese, silicon, beryllium, aluminum, ammonium, nitrite, nitrate, 
phosphate, chromium, copper, zinc, nickel, lead, cadmium. Based on the analysis of radioactive wastes 
and the features of radionuclide migration the following priority constituents of groundwater isotopic 
composition were selected: cesium -137, strontium - 90, cobalt-60, uranium-235, uranium-238, radium-
226, thorium-232, thorium-228, plutonium-239 and plutonium-238 (only in wells in the territory of 
SWDS), α-and β-activity.  
4. Results and discussion 
Study of chemical and isotopic composition of groundwaters showed the exceedences of water quality 
standards for Ra-226, α-activity, Si, Fe, F, and for some heavy metals in target Upper Carboniferous 
aquifers. Groundwater chemistry in target Upper Carboniferous aquifers in the study area can be caused 
by various factors, the main ones are: mineral composition and petrochemical features of rocks, 
physicochemical factors and especially hydrodynamic conditions disturbance (generally the water 
exchange intensity and the aquifers relationship) as a result of withdrawal enhancement. The 
consequences of water-withdrawal were intensification of descending leakage from Quaternary and 
Cretaceous aquifers to Carboniferous aquifers and ascending leakage from Podolsko- myachkovsky 
aquifer in Middle Carboniferous rocks. 
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   a)      b) 
Fig. 1. (a) sketch of ascending and descending filtration through aquitards before (left) and after (right) the intensive 
water withdrawal in the 1970’s; (b) isolines of Ra-226 concentration in Upper Carboniferous aquifers 
 
The constituents - indicators of upper- and lower aquifers (relative to Gzhelian-Asselian and 
Kasimovsky aquifers) that define the difference from the groundwater chemical composition in the Upper 
Carboniferous aquifers are: for Middle Carboniferous aquifers - high concentrations of fluoride, 
strontium, boron, barium; for Cretaceous and Quaternary aquifers - elevated levels of manganese. The 
increase in concentrations of elements such as boron, fluoride, strontium in Gzhelian – Asselian aquifer 
can testify leakage from the underlying aquifers. This situation was fixed in the water intakes in the towns 
of Sergiev Posad and Krasnozavodsk (fluoride -1.8 mg/L, boron - 0.35 mg/ L, Sr - 3.5 mg/ L), in 
settlements New, Konstantinovo, Kuzmino, Remmash, Shemetovo (fluoride - to 2.32 mg / L, boron - to 
0.37 mg / L, strontium - up to 7.5 mg / L). 
Raised concentrations of iron in groundwaters are formed as a result of both natural processes, and the 
intensification of physicochemical processes in the rocks. One of the main causes of the high iron content 
in the water intakes of the Moscow region and its growth during the exploitation is “man-made induced” 
contamination caused by the change of hydrogeochemical conditions in the exploited aquifers, thereby 
creating the conditions for the oxidation of sulfide minerals [1]. Iron concentration in Gzhelian-Asselian 
aquifer reached 2.5 mg/l (8.4 maximum permissible concentration MPC), and iron contamination was 
observed in most cases. In addition, there were excess of MPC for nickel, lead, and elevated (> 0.5 MPC) 
concentrations of cadmium and copper, which can be a consequence anthropic processes, due to the 
release of heavy metals occurs during the oxidation of sulphide minerals.  
The isotopic composition of groundwaters in the study area is likely due to hydrogeochemical factors . 
In water intakes from towns of Sergiev Posad, Dmitrov, Krasnozavodsk in Gzhelian –Asselian aquifer the 
values of α-activity ranged from 0.06 to 1.35 Bq/L, in Kasimovsky aquifer - from 0.15 to 0.57 Bq /L. The 
exceedences of water quality reached 6.8 Bq/L and were recorded at different times in all tested areas. In 
2007-2008 α- activity was from ≤ 0.03 to 2.1 Bq /L. The excess was found out in settlements New, 
Shemetovo, Konstatinovo, Mukhanov, Selkovo, Kuzmin, Remmash, etc. 
The higher value of α- activity in the studied aquifers was caused by radium-226. The excess of the 
standard for radium -226 in Gzhelian - Asselian aquifer was 1.2 to 3.3  times in the zone of SWDS 
influence s, and 3 times outside the zone of influence in Remmash. Trend analysis in the groundwater 
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radium-226 in 1997-2008 revealed substantial variation, but the excess of the standards was observed 
both in the influence zone of the waste disposal site and beyond it (Figure 1b). 
The most likely contamination sources of radium-226 are water-bearing rocks and interlayered rocks. 
Increased radioactivity can be formed as a result of several processes: 1 – radium-226 leaching from 
water-bearing rocks, 2 – ascending filtration of groundwater from the deeper (Middle Carboniferous and 
Devonian) aquifers, characterized by a heightened radioactivity, 3 – leaching from the Jurassic and 
Cretaceous clays at descending leakage from overlying layers. 
Source of radium contamination can exists in the water-bearing carbonate rocks (e.g., impregnations of 
flint, radiobarite, hokutolite and other minerals with natural radioactivity). The overlying rocks can also 
be highly radioactive, especially the Jurassic clays, which are characterized by higher radioactivity in the 
Moscow region [2]. Increased radioactivity of clays to a considerable degree is caused by phosphorite, 
because phosphorite formation is an important process known to concentrating uranium - a source of 
radium [3]. In addition, the parent radionuclides of radium - uranium and thorium may be contained in 
sulphide minerals. Radioactive elements can enter in the filtering water in the case of descending flow 
through clay deposits as a result of oxidation of radium fixed in the different mineral forms.  
Thus, intensification of water-rock interactions caused the values of Ra-226 and α-activity increase, 
because the main natural sources of Ra-226 are water-bearing rocks containing flints with natural 
radioactivity and overlying Jurassic layers containing phosphorite.  
5. Conclusion radiation 
Study of the groundwater chemical and isotopic composition in the target Upper Carboniferous 
aquifers showed that hydrogeochemical and radiation conditions in the study area was the result of not 
only natural, but so called man-made induced processes. We came to the conclusion that disturbed 
hydrodynamic regime is of primary importance in hydrogeochemical and radiological situations changes. 
Exploitation of target aquifers changed the relationship between aquifers, led to intensification of 
ascending and descending leakages and thus to interaction activation of filtering water both with the 
water-bearing rocks and separating aquitards. It can be assumed that the consequences of this process are 
not only heightened concentrations of iron, heavy metals and other chemical elements in Upper 
Carboniferous aquifers, but also an increased radionuclide content and, first of all, radium isotopes. 
Activation of sulfide oxidation in overlying Jurassic layer `results in the formation of aggressive acidic 
waters that have actively (prior to complete neutralization of carbonates and silicates in clay layer) 
affected the mineral forms (including radium) in the environment. There are no proofs of the influence of 
anthropogenic sources on high-level radioactive groundwater formation. Heightened concentrations of α-
activity and radium-226 were recorded in the zone of the long-term radioactive waste storage influence 
(s.Remmash), and far beyond (s.Kuzmino, s.Konstantinovo, t.Sergiev Posad, etc.), indicating that natural 
regional factors are of decisive importance in the radiation contamination of target Upper Carboniferous 
aquifers. 
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